Objective: To examine the relationship between body mass index (BMI) at age 70, weight change between age 70 and 75, and 15 y mortality. Design: Cohort study of 70-y-olds. Setting: Geriatric Medicine Department, Go Èteborg University, Sweden. Subjects: A total of 2628 (1225 males and 1403 females) 70-y-olds examined in 1971 ± 1981 in Gothenburg, Sweden. Results: The relative risks (RRs) for 15 y mortality were highest in the lowest BMI quintiles of males 1.20 (95% CI 0.96 ± 1.51) and females 1.49 (95% CI 1.14 ± 1.96). In non-smoking males, no signi®cant differences were observed across the quintiles for 5, 10 and 15 y mortality. In non-smoking females, the highest RR (1.58, 95% CI 1.15 ± 2.16) for 15 y mortality was in the lowest quintile. After exclusion of ®rst 5 y death, no excess risks were found in males for following 5 and 10 y mortality across the quintiles. In females, a U-shaped relation was observed after such exclusions. BMI ranges with lowest 15 y mortality were 27 ± 29 and 25 ± 27 kgam 2 in nonsmoking males and females, respectively. A weight loss of ! 10% between age 70 and 75 meant a signi®cantly higher risk for subsequent 5 and 10 y mortality in both sexes relative to individuals with`stable' weights. Conclusion: Low BMI and weight loss are risk factors for mortality in the elderly and smoking habits did not signi®cantly modify that relationship. The BMI ranges with lowest risks for 15 y mortality are relatively higher in elderly. Exclusion of early deaths from the analysis modi®ed the weight ± mortality relationship in elderly males but not in females.
Introduction
Epidemiologic studies on relation between the body mass index (BMI) and mortality in elderly have most often described three major types Ð direct positive association (Calle et al, 1999) , U-or J-shaped relationships (Andres et al, 1985; Harris et al, 1988; Cornoni-Huntley et al, 1991; Folsom et al, 1993; Rumpell et al, 1993; Allison et al, 1997) and an inverse association (Mattila et al, 1986; Campbell et al, 1990; Takala et al, 1994; Losonczy et al, 1995; Diehr et al, 1998; Landi et al, 1999) .
An increase in mortality risk for low BMI with age has been interpreted as suggesting that modest weight gain with increasing age may be protective (Andres et al, 1993) . It has also been found that the relative risk associated with higher BMI declined with age . However, the optimal weight for longevity in the elderly remains less clearly de®ned.
Studies of body weight (BW) and mortality are beset with several limitations including the failure to control for smoking habits, the inappropriate control of physiological and metabolic effects of obesity and the failure to eliminate early mortality from the analysis (Garrison et al, 1983; Manson et al, 1987; Kushner, 1993) . Furthermore, survival analyses are often based on single BW measurements or recalled at one point in time and any intercurrent weight change that occurs with time is not accounted for during the follow-up period (Kushner, 1993) .
Fluctuations in BW may have negative health consequences (Lissner et al, 1991) and evidence suggests that weight change, either gain or loss, is associated with increased all-cause mortality (Lee & Paffenbarger, 1992; Andres et al, 1993) . In the study of the association between BW and mortality, it is thus important to consider both the initial BW and weight change during the follow-up period (Ho et al, 1994) .
The aim of this longitudinal cohort study was to examine (1) the relationship between BMI at age 70 and 15 y allcause mortality, (2) the relationship between the percentage of weight change from age 70 to 75 and subsequent 5 and 10 y mortality from age 75, and (3) the BMI range with lowest mortality in representative sample of Swedish elderly. The study is a part of the Gerontological and geriatric population studies in Gothenburg, Sweden (Rinder et al, 1975; Steen & Djurfeldt, 1993) . The design of this population study allows us to investigate the weight ± mortality relationship among elderly for a 15 y perspective from age 70 to 85 which might have importance in providing age-speci®c guidelines for desirable body weight in this age group.
Population
The data for this study were obtained from 2628 individuals (1225 males and 1403 females) aged 70 who were participants of three birth cohorts of 70-y-olds examined between 1971 and 1981 in Gothenburg, Sweden (Table 1 ; Steen & Djurfeldt, 1993) . Informed consent was obtained from all subjects and the study was approved by the Ethics Committee for Medical Research at Go Èteborg University. The ®rst cohort (cohort I) was initiated in 1971a1972 with a random sample of 1148 persons, which was about one-third of the 70-y-olds living in Gothenburg at that time (Rinder et al, 1975) . The response rate (85%) resulted in a sample of 973 individuals (449 males and 524 females). The responders and the survivors have been followed up regularly to date with 12 examinations in between. In 1976a1977, the second 70-y-old cohort (cohort II) was started with another representative sample of 1281 individuals (Berg, 1980) . The participation rate was 81%, which resulted in a sample of 1036 subjects (474 males and 562 females). The surviving participants were followed up with re-examinations at ages 75 and 79. In 1981a1982 a third representative sample of 806 subjects aged 70 (cohort III) was drawn. The 619 participants (77%, 302 males and 317 females) were examined in a study of medical and social intervention (Eriksson et al, 1987) . The surviving participants of this cohort were re-examined at ages 72, 76 and 86.
For the present study, pooled data on responders of these three cohort samples at age 70 were used. The subjects were representative of the community-dwelling elderly and only 2.8% of them were institutionalized. The responders of these three cohorts did not differ from the non-responders in respect of sex, marital status and income (Rinder et al, 1975; Berg, 1980; Eriksson et al, 1987) . Some 14.6% of subjects had dependence for both instrumental activities of daily living (I-ADL) and personal daily life activities (P-ADL) according to the scales de®ned by Sonn and A Ê sberg (1991); 14.7% of the subjects reported a daily consumption After exclusion of all diagnosed cancer cases at or before age 70 from the population. c A positive trend was found signi®cant (P`0.05) across the male cohorts. of more than four drugs during the time of examination at age 70. The prevalences of diseases at age 70 among the subjects were as follows: cardiovascular diseases 42% (ischemic heart disease 27.6%), stroke 13.7%, cancer 7.1%, diabetes 6.3%, depression 5.6% in a sub-sample of cohort I (according to DSM-III-R criteria, Pa Âlsson et al, 2000) dementia 1.3% and 1% in cohorts I and II, respectively (Persson, 1981; Nilsson, 1983) . The psychological functioning of sub-samples from cohorts I and II was reported elsewhere (Berg, 1980) . Since the majority of subjects were diagnosed with cardiovascular diseases, stroke and diabetes we did a separate analysis to investigate the cause-speci®c mortality in BMI quintiles at age 70. The results will be reported in a separate paper. We excluded all diagnosed cancer cases at or before age 70 from the analysis. There was no signi®cant difference in the prevalence of cancer between non-responders and responders at age 70. The 15 y mortality from age 70 was signi®cantly higher (P`0.01) in non-responding females but not in males compared to responders.
Methods
Among the 2628 responders, both height and BW data at age 70 were available for 2593 subjects (1210 males and 1383 females). There were only three females with BMI values at or above 40 kgam 2 . We excluded them from the analysis, which resulted in a total study subjects of 2590 (1210 males and 1380 females). BW (kg) was measured in the morning with the subjects wearing light clothing and recorded to the nearest 0.1 kg, and standing height (cm) was measured to the nearest centimeter (Rundgren et al, 1984) . BMI was calculated from weight (kg) divided by height (m) squared. To minimize methodological inter-cohort differences, all measurements were performed aiming at identical methods by means of, for example, personal contact and training together of the different investigators throughout the studies.
Data analysis
All analyses were performed separately for males and females. Individuals with previously diagnosed cancer (77 males and 108 females) at age 70 were excluded from the analyses. The date of diagnosis for cancer was obtained from the Swedish National Cancer Register which has records on all clinically as well as histologically diagnosed cancer cases in Sweden since 1958. The Cox proportional hazards regression model was used to determine the risk of dying as a function of BMI together with a number of covariates. The dependent variable is`number of days' from the date of examination at age 70 to the date of death at or before age 85, or the date when one becomes 85-y-old. Censored cases were de®ned as individuals alive at their 85th birthday. The exact date of death was obtained from the National registration of the Swedish population. There were 1333 deaths (781 males and 552 females) in the study population during this 15 y follow-up after exclusion of all cancer cases at age 70. Mortality risks were also calculated for three discrete time periods (70 ± 75, 70 ± 80, 70 ± 85) to evaluate possible dependency of such a risk on follow-up period.
BMI and mortality
Three different analytical models were used to investigate relative risks (RRs) and the shape of trends (linear and nonlinear) in BMI for mortality (Table 2 ). In the ®rst set of models, BMI (kgam 2 ) values at age 70 were divided into quintiles and used as categorical variable. The RR for mortality and 95% con®dence interval (CI) for each BMI quintile were calculated from Cox regression models with birth cohort and smoking habits at age 70 as covariates. We used middle BMI quintile as the reference group since a Ushaped relationship has been widely reported between BW and mortality by a number of investigators (Harris et al, 1988; Cornoni-Huntley et al, 1991; Folsom et al, 1993; Rumpell et al, 1993; Allison et al, 1997) .
The second set of models was the`unrestricted quadratic spline model', described by Greenland (1995) non-linear trend. In such models, regression lines meet at the interval boundaries to form a smooth curve over the entire range of the variable. A quadratic spline model contains both linear and quadratic terms for the independent variable and was used here to describe the nonmonotonic (U-or J-shaped) effect of BMI on mortality. It was done from Cox regression with variables log (BMI), log (BMI) 2 , four quadratic spline terms and covariates (birth cohort and smoking habits at age 70). The`knots' or range cut-off points were BMI values at`23,`26 and 28 which resulted in four spline intervals of BMI (`24, 24 ± 26, 26 ± 28, b 28) in both sexes. The third set of models was to determine overall linear trends in BMI for mortality risks and was calculated from Cox regression model with log (BMI) and covariates (birth cohort and smoking habits at age 70).
to determine
The differences in log-likelihood ratio between linear model and the spline model was compared to the chi-square distribution with degrees of freedom equivalent to the number of extra parameters in the spline model. This is a formal test of deviation from monotonicity (Linsted & Singh, 1997) and the signi®cance level is reported as test of non-linear trend. The linear trend was reported only when non-linear trend was not detected by the abovementioned method.
Covariates Birth cohort. A positive trend between year of birth and BMI was found to be signi®cant in males even after exclusion of all diagnosed cancer cases at or before age 70 from analyses (Table 1) . However, such a trend disappeared when all diagnosed cancer cases at or before age 70 as well as individuals who died between age 70 and 75 were excluded from analyses. To adjust the birth cohort effect on the BMI ± mortality relation it was used as covariate in the regression models.
Smoking habits at age 70. Smoking habits at age 70 were used as covariates along with birth cohort in the regression models. A detailed smoking history including duration and quantity smoked was obtained for all subjects at age 70 (Table 1 ). In the analyses, smoking habits were divided into three groups: daily smokers at age 70; ex-smokers (previously daily smokers or quitted smoking between age 40 ± 70); and non-smokers (never-smokers or quitted smoking before age 40). These three groups were de®ned as contrast variable in the model with`non-smokers' as reference.
Exclusion of early deaths
The RRs for 5 and 10 y mortality in BMI quintiles following age 75 were calculated after exclusion of 310 subjects (192 males and 118 females) who died between age 70 and 75 (Table 1 ). The BMI values at age 70 were re-divided into quintiles after exclusion of those deaths and all three analytical models mentioned earlier (Table 2) were used to calculate mortality risks across the quintiles with covariates for birth cohort and smoking habits.
Mortality among non-smokers
After exclusion of cancer cases at or before age 70, there were 1352 non-smokers (343 males and 1009 females) among the participants at age 70 (Table 1) . Five, 10 and 15 y mortality risks across the quintiles of BMI in this population were investigated. After exclusion of deaths between age 70 and 75 among this non-smoking population, the subsequent 5 and 10 y mortality risks in BMI quintiles were also calculated. Analyses were done using all three models (Table 2) with birth cohort as covariate.
Weight change and mortality
The changes in BW were expressed as percentage change in BW between age 70 and 75 y (BW at age 75 minus BW at age 70) divided by BW at age 70)Â100) and were divided into ®ve weight change groups: lost ! 10%; lost 5 ± 9.9%; lost 0 ± 4.9%; gained 0 ± 4.9%; and gained ! 5%; All diagnosed cancer cases at or before age 70 were excluded from the analyses. The RR and 95% CI for 5 y (from age 75 to 80 y) and 10 y (from age 75 to 85) mortality was estimated with covariates for birth cohort and smoking habits at age 70. The reference group was weight loss 0 ± 4.9% (`stable weight change group') based on the hypothesis that both extreme weight gain or loss is associated with increased risk for mortality. The trends for mortality risks across the weight change groups were determined through Cox regression with`weight change groups' as continuous variable and, birth cohorts and smoking habits at age 70 as covariates in the model.
Results

BMI and mortality
In males, during the 15 y follow-up from age 70 to 85, a non-linear trend was found to be signi®cant for the BMI ± mortality relationship where the highest RR (1.20, 95% CI 0.96 ± 1.51) was observed in the lowest quintile (14 ± 22.6 kgam 2 ) after adjustment for smoking habits and birth cohort at age 70 (Table 3 ). The lowest mortality risk was found in the middle (reference) quintile (24.7 ± 26.4 kgam 2 ) for this period of time (Table 3) . From age 70 to 75 and 70 to 80, non-linear trends were also found to be signi®cant for males. During these two periods the highest RRs (adjusted) were found to be 1.77 (95% CI 1.13 ± 2.78) and 1.35 (95% CI 1.03 ± 1.79) in the lowest BMI quintiles, respectively (Table 3) .
In females, a signi®cant non-linear relationship was observed between BMI and mortality risks from age 70 to 75 and 70 to 80. The adjusted highest mortality risks for these two periods were 1.63 (95% CI 0.98 ± 2.71) and 1.38 (95% CI 0.96 ± 1.98), and were found in the lowest quintile (14.1 ± 22.5 kgam 2 ; Table 3 ). For the total 15 y follow-up, a non-linear trend was also evident for BMI ± mortality relation with lowest mortality risk in the middle (reference) quintile (24.6 ± 26.5 kgam 2 , Figure 1 ). The highest mortality risk (1.49, 95% CI 1.14 ± 1.96) during this total 15 y period of follow-up was found in the lowest quintile (Table 3) . (Greenland, 1995) , with variables log (BMI), log (BMI) 2 , four quadratic spline terms and covariates for birth cohorts and smoking habits at or before age 70. The signi®cance level from a log-likelihood ratio test of the ®ve quadratic terms (log (BMI) 2 , four quadratic spline terms) is reported as a non-linear trend. e Relative risk of mortality after adjustment for birth cohorts and smoking habits at or before age 70. Figure 1 Fifteen-year mortality in the elderly (free from cancer at age 70) by body mass index quintiles.
BMI, weight change and mortality DK Dey et al BMI and mortality after exclusion of early deaths After exclusion of subjects who died between age 70 and 75 y, no signi®cant trends or differences were found in the RRs for subsequent 5 and 10 y mortality across the quintiles in both sexes with an exception for males from age 75 ± 80 (Table 4 ). In females, 10 y mortality risks were 1.52 (95% CI 1.06 ± 2.98) and 1.48 (95% CI 1.03 ± 2.12) in the lowest and highest BMI quintiles, respectively. The lowest mortality risks were observed in the middle (reference) quintiles in both sexes (Table 4) .
BMI and mortality among non-smokers
In males there were no signi®cant trends in BMI for 5, 10 and 15 y mortality from age 70. The lowest mortality risk (RR 0.96, 95% CI 0.63 Ð 1.47) was observed in the fourth quintile (27 ± 29 kgam 2 ) after adjustment for birth cohorts (Table 5) .
In females, during the 5, 10 and 15 y follow-up periods from age 70, non-linear trends were found to be signi®cant for BMI and mortality relationship (Table 5 ). For the ®rst 5 y period the highest mortality risk (RR 1.73, 95% CI 0.96 ± 3.11) was observed in the lowest quintile (14.1 ± 22.9 kgam 2 ) after adjustment for birth cohorts. Higher mortality risks were also found in the lowest BMI quintiles for the following 10 and 15 y follow-up from age 70 ( Table  5 ). The lowest mortality risk was observed in the middle (reference) quintile (25 ± 26.9 kgam 2 ) during 15 y follow-up from age 70 (Figure 2 ).
After exclusion of early deaths between age 70 and 75, a non-linear trend was found to be signi®cant in non-smoking males and females for BMI and 10 y mortality from age 75 (Table 6) . A U-shaped relationship was observed in females where higher mortality risks 1.50 (95% CI 1.03 ± 2.17) and 1.42 (95% CI 1.00 ± 2.00) were observed in the lowest and highest quintiles, respectively for this period of follow-up (Table 6 ).
Weight change and mortality
Individuals who lost ! 10% of their initial body weight between age 70 and 75 had signi®cantly higher mortality risk (males, RR 1.36, 95% CI 0.93 ± 2.00 and females, RR 3.53, 95% CI 1.61 ± 7.74), during the following 5 y period from age 75 compared to the group who lost 0 ± 4.9% (`stable' weight change group) ( Table 7) . Ten-year mortality risk following age 75 was also signi®cantly higher in both sexes (males, RR 1.62, 95% CI 1.21 ± 2.16; and females, RR 2.15, 95% CI 1.46 ± 3.15) for individuals in this weight-change group.
Body weight gain of ! 5% between age 70 and 75 resulted in a numerically lower 5 y mortality risk for the males (RR 0.62, 95% CI 0.38 ± 1.01), and a numerically higher risk for females (2.18, 95% CI 0.95 ± 4.99) of the same weight change group. However, none of them reached statistically signi®cant level. The relative risk of 10 y mortality after 75 was found to be lowest Non-linear trend was determined from Cox regression of an`unrestricted quadratic spline model' (Greenland, 1995) , with variables log (BMI), log (BMI) 2 , four quadratic spline terms and covariates for birth cohorts and smoking habits at or before age 70. The signi®cance level from a log-likelihood ratio test of the ®ve quadratic terms (log (BMI) 2 , four quadratic spline terms) is reported as a non-linear trend. NS non-signi®cant trend statistics.
e RR Relative risk of mortality after adjustment for birth cohorts and smoking habits at or before age 70.
BMI, weight change and mortality DK Dey et al Figure 2 Fifteen-year mortality in non-smoking elderly (free from cancer) by body mass index (BMI) quintiles at age 70. Non-linear trend was determined from Cox regression of an`unrestricted quadratic spline model' (Greenland, 1995) , with variables log (BMI), log (BMI) 2 , four quadratic spline terms and covariates for birth cohorts. The signi®cance level from a log-likelihood ratio test of the ®ve quadratic terms (log (BMI) 2 , four quadratic spline terms) is reported as a non-linear trend. NS non-signi®cant trend statistics. NA linear trend was not evaluated since signi®cant non-linear trend was identi®ed.
among males and females who`lost 0 ± 4.9%' (reference group) of their initial body weight between age 70 and 75 (Table 7) .
Discussion
Population and methods
This population study is based on pooled data from three initially cross-sectional and then longitudinal cohorts of 70 y-olds. The cohorts were initiated with 5 y intervals from 1971 to 1981 for age ± cohort comparisons. The response rate decreased from 85% (cohort I) to 77% (cohort III) across the cohorts. However, the response rates were higher than in many other similar studies. For example, in the SENECA study, the response rate was about 50% in the baseline study (range 12 ± 81% between countries; de Groot et al, 1991). The representativeness of this cohort for all 70-y-olds in Gothenburg during their respective periods of Non-linear trend was determined from Cox regression of an`unrestricted quadratic spline model' (Greenland, 1995) , with variables log (BMI), log (BMI) 2 , four quadratic spline terms and covariates for birth cohorts. The signi®cance level from a log-likelihood ratio test of the ®ve quadratic terms (log (BMI) 2 , four quadratic spline terms) is reported as a non-linear trend. NS non-signi®cant trend statistics. NA linear trend was not evaluated since signi®cant non-linear trend was identi®ed. BMI, weight change and mortality DK Dey et al investigation has been described elsewhere (Rinder et al, 1975; Berg, 1980; Eriksson et al, 1987) . In this study, an attempt was made to consider major known confounders in the relation between BMI and mortality ie cancer, smoking habits, deaths in the ®rst few years of follow-up, and weight change (loss or gain), which, to our knowledge has not been explored in one single study in this age group before. However, we did not control for certain clinical and functional conditions such as depression, comorbidity. cognitive and affective status, drug use etc in our study, which is more common in hospitalized elderly patients (Landi et al, 2000) . The 70 y olds of this study were representative of elderly living in the community.
All diagnosed cancer cases at or before age 70 were excluded from the baseline study population since it is a major life-shortening and weight-modifying disease. There are also certain other chronic diseases in this population which might have confounding effect on the BMI ± mortality relation. However, choosing only subjects free from any chronic diseases at age 70 will result in an overselected population.
The confounding effects of smoking on BMI ± mortality relation are well established and statistical control for this factor requires careful consideration (Garrison et al, 1983) . The best estimates for mortality risks unconfounded by smoking would be derived from the group of non-smokers. In this study, a separate analysis was done among the nonsmokers where individuals quitted smoking at or before age 40 were included in the non-smoking group along with never smokers. It was done under the assumption that they might be free from adverse effects of smoking after 30 y since they quitted smoking.
Exclusion of early mortality was done to eliminate premature deaths from the analyses that could be attributed to severe clinical as well as sub-clinical diseases present at baseline, particularly in the lowest BMI quintile. This has been pointed out by several reviewers (Manson et al, 1987; Sjo Èstro Èm, 1992) .
Results
The observed higher RRs in the lowest BMI quintiles at age 70 for subsequent 5, 10 and 15 y mortality in both sexes (Table 3) are consistent with the ®ndings from several other studies (Mattila et al, 1986; Tayback et al, 1990; Takala et al, 1994; Losonczy et al, 1995; Diehr et al, 1998) and in contrast with the ®ndings from some studies (Harris et al, 1988; Cornoni-Huntley et al, 1991; Allison et al, 1997) .
The result suggests that low BMI at age 70 is a predictor for short-term mortality in males and long-term mortality in females. These ®ndings indicate a gender difference in the relationship between a low BMI and mortality. We cannot give a clear-cut reason for such differences. The changes in body composition, especially the loss of lean mass in elderly might have played some role since it increases mortality in the initial low body weight group (Seidell & Visscher, 2000) . It has been shown earlier from this population study that elderly males lost 2 kg of cell mass whereas females only 0.7 kg during an 11 y longitudinal follow-up from age 70 to 81 (Steen et al, 1985) .
The higher risk for mortality in the lowest quintile has suggested to be due to smoking habits and pre-existing illness in the low-weight group by a number of investigators and reviewers (eg Garrison et al, 1983; Manson et al, 1987; Sjo Èstro Èm, 1992; Kushner, 1993) . We excluded the most obvious disease in this context, namely cancer, from the analyses and, taking smoking habits as a confounding factor in the models, it did not signi®cantly modify the results. Individuals in the low body weight group are heterogeneous and comprise those who have always been active and lean, those who are lean because they smoke tobacco, and those who have lost weight as a result of poor health (Willett, 1997) . Several other factors like respiratory diseases (Takala et al, 1994) , poor nutritional state (Campbell et al, 1990) , and psychiatric disorders may result in severe nutritional de®ciencies, and additional social factors may affect food intake (Fischer & Johnson, 1990) , altogether these factors might be an explanation for the higher mortality in the low BMI group.
When analyses were done among the non-smoking population the excess risks for the low BMI quintile disappeared in males but not in females. The reason for such sex differences might be partly due to the fact that there are a relatively smaller number of non-smoking males (30.3%) than females (79.6%) in this study. However, other factors than smoking and cancer which are responsible for the higher risk of mortality in females in the lowest BMI quintile can not be excluded.
After exclusion of early mortality, the excess risks for subsequent 5 and 10 y mortality in the low BMI group disappeared in all males as well as in non-smoking males. The results are consistent with an earlier report by Baik et al (2000) . However, in females excess risks persist in both extreme quintiles of BMI for subsequent 10 y mortality after exclusion of early deaths. The results are also in agreement with the ®ndings from the several investigators (Allison et al, 1997; Linsted & Singh, 1997) .
It has been suggested to exclude early mortality from the analyses (Manson et al, 1987) since it is associated with the pre-enrollment modi®cation of body weight and might have confounded the weight-mortality relationship (Andres, 1999) . On the other hand, eliminating early death has been reported to be an inef®cient tool for reducing that confounding (Allison et al, 1999) . In the present study, an effect of early mortality on increased risk in low BMI group was evident only for the males, and our data suggest that such confounding effects of early mortality are not obvious in elderly females.
The lower mortality risks in the higher BMI quintiles of males can be interpreted as follows: ®rstly, overweight or obesity in elderly males might not be a risk factor for mortality at all; secondly, the excess risk for dying in the overweight and obese elderly males might be due to regional or central adiposity due to ageing (Borkan et al, 1985; Seidell et al, 1988) and BMI is a less sensitive tool to measure such a risk factor in the elderly (Baumgartner et al, 1994; Stevens, 1998; Seidell & Visscher, 2000) ; thirdly, regional adiposity itself may not be a strong risk factor for mortality in elderly males (Seidell et al, 1994) . However, the excess risks for mortality in higher BMI quintiles in females are more dif®cult to explain. The observed gender differences in mortality risks at higher BMI quintiles may be partly due to the differences in the prevalences of obesity (BMI ! 30 kgam 2 ) between males (11%) and females (16%).
To investigate the relationship between the weight change from age 70 to 75 and subsequent 5 and 10 y mortality was of particular interest in this study. Weight loss was a risk factor for mortality in both sexes. The results are in agreement with earlier reports (Pamuk et al, 1993; Diehr et al, 1998) . A separation between intentional and unintentional weight loss was not performed in this study and the failure to separate these two ways of weight loss may bias the estimated effect of weight loss toward an adverse association (Manson et al, 1987) . Weight gain was not found to be a risk for mortality after age 70 in both sexes. The result is in contrast with the ®ndings from Lee and Paffenbarger (1992) . However, the mean age of their study population was 58 y. The lowest mortality risks in both sexes in the present study were found in the relativelỳ stable' weight change group which suggests that a maintenance of body weight is good for survival in the elderly.
The BMI ranges with lowest risks for 15 y mortality after age 70 were 27 ± 29 kgam 2 and 25 ± 27 kgam 2 in nonsmoking males and females, respectively. The results are in agreement with the ®ndings from several investigators (eg Diehr et al, 1998; Allison et al, 1997) . The ®ndings also suggests that the optimum BMI in relation to survival is relatively higher in the elderly than in young adults, and agree with the argument that cut-off points for obesity should be higher in older than in younger people (Andres et al, 1985) . The results also supports that the excess mortality associated with obesity declines with age .
The results in this study might certainly be different than in other populations in this age group. For example, two subjects with the same BMI can differ markedly in fatness and lean mass (Kushner, 1993) and some individuals with low BMIs have as much fat as those with high BMIs (Baumgartner et al, 1994) . Since BMI alone does not always capture the joint impact of body composition and body size to health outcomes (Michels et al, 1998) , further research is needed based on body composition data with certain other variables, eg behavioral, social, genetic and environmental, to obtain a clear picture of body weight and mortality relation in the elderly.
Conclusion
Both low BMI and weight loss in the elderly are risk factors for subsequent mortality in both sexes and smoking habits at age 70 did not signi®cantly modify that relationship. The BMI ranges with lowest risks for 15 y mortality after age 70 were 27 ± 29 kgam 2 and 25 ± 27 kgam 2 in non-smoking males and females, respectively. Thus, in clinical practice both weight loss and low body weight should be considered as alarm signals rather than moderate overweight in the elderly. Exclusion of early mortality from the analysis modi®ed the weight ± mortality relationship in elderly males but not in females. These ®ndings implicate a gender difference in the BMI and mortality relationship. However, due to BMIs lower sensitivity to the risk associated with changed body fat distribution in the elderly, further research is needed with longitudinal body composition data along with certain covariates such as behavioral, social, genetic and environmental characteristics to obtain a clear picture of body weight and mortality relation in the elderly.
